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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a laser oscillator 
which emits laser beam by included emission of excimer. 

2 . Description of the Related Art 

A semiconductor laser has merits in which a laser 
oscillator can be drastically miniaturized and weight of the 
laser oscillator can be lightened as compared with the other 
gas lasers or solid lasers. Therefore, the semiconductor 
laser has been put to practical use in various fields as an 
optical source for sending and receiving signals by means 
of an optical interconnection in a photonic integrated 
circuit, an optical source for optical communication using 
an optical fiber as an optical waveguide, and an optical 
source used in recording on a recording medium such as optical 
discs, and optical memories. Further, the oscillation 
wavelength of the semiconductor laser extends in the range 
of from blue color wavelength to infrared wavelength. The 
semiconductor laser generally put into practical use usually 
includes the oscillation wavelength existing in the infrared 
region. Examples for the semiconductor laser in practical 
used include: a GaAs laser (with a wavelength of 0.84 urn); 
an InAs laser (with a wavelength of 3.11 |im) ; an InSb laser 



(with a wavelength of 5.2 \im) ; a GaAlAs laser (with a 
wavelength of from 0.72 jim to 0.9 pun); and an InGaAsP (with 
a wavelength of from 1.0 urn to 1.7 fxm) . 

A directional characteristic or a diffraction limit 
in narrowing beam spot of laser beam down by an optical system 
depends on the wavelength of laser beam. More specifically, 
it is known that the shorter the wavelength is made, the more 
the directional characteristic is increased, which further 
reduces the diffraction limit. When the directional 
characteristic of laser beam is enhanced, disclination can 
be suppressed, and therefore the accuracy of sending and 
receiving signals via the optical interconnection in the 
optical communication and the photonic integrated circuit 
can be enhanced. As result, higher integration of the 
photonic integrated circuit can be achieved. In addition, 
when the diffraction limit is reduced, the beam spot of laser 
beam can be further narrowed down, and high-density 
recording in a recording medium such as the optical disk, 
and the optical memory can be performed, thereby realizing 
a high-capacity recording medium. As result, the formation 
of laser beam having shorter wavelength is a significant 
problem in any field using the above-mentioned semiconductor 
laser. Researches related to practical application of the 
semiconductor laser having an oscillation wavelength in the 
visible region have been activated. 

An organic semiconductor laser having 510 nm of peak 



wavelength X is disclosed in the following patent document. 

[Laid-open disclosure public patent bulletin 1] 
JP 2000-156536 (page 11) 

5 

As a method for exciting (pumping) the semiconductor 
laser, a method of forming junction and injecting carries, 
an electron-beam excitation, an optical excitation, an 
excitation method of using avalanche breakdown and the like 

10 are known. In order to obtain included emission from the 
semiconductor laser, it is necessary to impart strong energy 
(pumping energy) , which can generate a population inversion, 
to a semiconductor functioning as a laser medium by using 
the aforementioned excitation methods. However, the 

15 formation of the state in population inversion is inadequate 
to oscillate laser beam in practical, and therefore pumping 
energy higher than a threshold level, which is necessary for 
initiation of oscillation, must be imparted to the laser 
medium . 

20 Since the level of pumping energy required for the 

initiation of oscillation is dependent upon the 
characteristics of substances that constitute the laser 
medium, the level varies according to the kind of the 
semiconductor laser. Preferably, in case of using the 

25 semiconductor laser having lower pumping energy for 
oscillation, a conversion efficiency to photon output from 

3 



excitation input is higher, and, hence, power consumption 
can be suppressed. Therefore, the semiconductor laser, 
which can enhance the conversion efficiency of photon output 
while suppressing pumping energy, is anticipated. In 
5 particular, in the field in which low power consumption is 
directly linked to the commercial value, the improvement of 
the conversion efficiency of the semiconductor laser is 
highly expected. 

SUMMARY OF THE INVENTION 

10 

The present invention has been made in view of the above, 
and therefore has an object to provide a laser oscillator 
that has an oscillation wavelength in the visible region and 
enables to enhance the conversion efficiency of photon 

15 output and to reduce power consumption. 

In order to solve the problems above, the laser 
oscillator is formed by using a laser medium containing a 
phosphorescent material which can generate excimer by 
combining molecules in the excited triplet state. The laser 

20 oscillator includes an optical resonator and an excitation 
portion. The excitation portion has a laser medium 
(excitation medium) and a pumping source for supplying 
pumping energy to the laser medium. A material that can 
convert the excited triplet state into luminescence, i.e., 

25 a material that can emit phosphorescence generated in 
returning from the excited triplet state to the base state. 



is indicated as the phosphorescent material. 

With respect to the laser oscillator according to the 
present invention, an organic metal complex with platinum 
as its central metal is used for the phosphorescent material 
5 and the phosphorescent material is dispersed at a high 
concentration of not less than 10 wt% in the laser medium. 
The present inventors found that dispersion of the 
phosphorescent material at the above-mentioned 
concentration is effective for generating excimer . By using 

10 the organic metal complex containing platinum as its central 
metal, it is possible to generate luminescence from the 
excimer state (excimer emission) and phosphorescence having 
a peak in the wavelength region of from not less than 500 
nm to less than 700 nm where is a part of the visible region. 

15 Note that photons emitted from the phosphorescent material 
may contain fluorescence upon returning from the excited 
singlet state to the base state in addition to excimer 
emission and phosphorescence. Only excimer emission can be 
generated by increasing the concentration of the 

20 phosphorescent material. 

It is thought that the excited singlet state and the 
excited triplet state are generated at a ratio of 1:3 in 
electroluminescence, and therefore it is known that a higher 
luminescent efficiency can be achieved by using the 

25 phosphorescent material. Since excimer composed by 
combining a molecule in the excited triplet state and a 



molecule in the base state is generated through the excited 
triplet state, the excimer has a longer lifetime of the 
excitation as compared with the molecule in the excited 
singlet state. Therefore, the excimer emission generated 
5 in the laser medium containing the above-mentioned 
phosphorescent material has the longer lifetime of the 
excitation as well as phosphorescence. 

Fig. 1A shows an energy level of excimer formed by 
combining a molecule M in the excited triplet state with a 

10 molecule M* . As illustrated in Fig. 1A, when a molecule M 
in the base state (energy Ei) is excited by applying pumping 
energy, the molecule M* in the excited triplet state (energy 
E 2 ) can be occurred. The molecule M* in the excited triplet 
state is combined with the molecule M in the base state so 

15 as to form excited dimer [M+M] * in the excitation state having 
energy slightly lower than energy E 2 (energy E 3 ) . The light 
(hv), which is emitted upon returning from the excitation 
state (energy E 3 ) to the base state (energy Ei), corresponds 
to excimer emission. 

20 The lifetime of the excitation of the excited dimer 

[M+M] * is at a same level as the lifetime of the molecule 
M* in the excited triplet state, and it is relatively longer 
as compared with the lifetime of the excitation of the 
molecule M in the excited singlet state. Accordingly, the 

25 excited dimer [M+M]* can generate the population inversion 
with smaller pumping energy as compared with the case of using 



the molecule in the excited singlet state. 

Further, according to the present invention, the 
population inversion is generated by using excimer, laser 
beam can be oscillated with smaller pumping energy as 
5 compared with the case of using monomer. For the purpose 
of comparing the case of using excimer and the case of using 
monomer, the energy level of a monomeric molecule M in the 
excited triplet state is depicted in Fig. IB. In Fig. IB, 
the molecule M in the base state (energy Ei) is excited by 
10 applying pumping energy such that the molecule M* in the 
excited triplet state (energy E 2 ) can be obtained. If it 
is assumed that excimer is not generated in the case of Fig. 
IB, the molecule in the excited triplet state returns to the 
base state (energy Ei) when the lifetime of the excitation 

15 is expired, and at the same time, phosphorescence (hv) is 
emitted. 

In Fig. 1A, two molecules are allowed to be in the 
excited state by exciting one molecule M with pumping energy 
as compared with Fig. IB. Meanwhile, in Fig. IB, each 

20 molecule is individually excited by pumping energy. As 
result, the population inversion can be formed with smaller 
pumping energy in the case of using excimer as compared with 
the case of using monomer. 

As set forth above, with respect to luminescence 

25 obtained from the above -described phosphorescent material, 
only excimer emission can be obtained by increasing the 



concentration of the phosphorescent material. However, 
there is a case in which phosphorescence obtained from the 
monomer in the excited triplet state is also included in the 
obtained excimer emission according the concentration of the 
5 phosphorescent material. Therefore, photons, which are 
intended to be amplified in the optical resonator, can be 
selected by adjusting and optimizing the length (length of 
the resonator) between a pair of mirrors constituting the 
optical resonator, or the length of the laser medium between 

10 the pair of mirrors according to the wavelength of each light 
so as to form a standing wave. 

With respect to the excitation method, the optical 
excitation, the method of forming a junction and injecting 
carriers therethrough, etc. may be used. Note that, when 

15 the optical excitation is employed, excited light contains 
light having the same wavelength as light that is intended 
to be amplified. When the method of injecting carriers is 
employed, a light emitting element containing the 
phosphorescent material in a luminescent layer may be formed 

20 such that an electron/hole pair is directly formed by 
supplying electric current. The light emitting element 
according to the present invention comprises a luminescent 
layer which generates electroluminescence by applying an 
electric field, an anode and a cathode. The luminescent 

25 layer is interposed between the anode and the cathode. 
Further, a hole injecting layer and a hole transporting layer 



etc. may be formed between the luminescent layer and the anode, 
whereas an electron injecting layer and an electron 
transporting layer etc. may also be formed between the 
luminescent layer and the cathode. In this case, all the 
5 layers together with the luminescent layer interposed 
between the anode and the cathode are referred to as an 
electroluminescent layer. The layer constituting the 
electroluminescent layer may also include an inorganic 
compound therein. In order to generate excimer efficiently, 

10 preferably an ionization potential of the hole transporting 
layer or the hole injecting layer provided in contact with 
the electroluminescent layer is made larger than the 
ionization potential of a host material or the luminescent 
layer. Or, preferably the gap between the ionization 

15 potential of the hole transporting layer or the hole 
injecting layer and the ionization potential of the host 
material or the luminescent layer is set to less than 0.4 
eV, even if the ionization potential of the host material 
or the luminescent layer is larger than that of the hole 

20 transporting layer or the hole injecting layer. 

According to the present invention having the 
aforementioned structure, a laser oscillator that enables 
to oscillate laser beam having an oscillation wavelength in 
the visible region, enhance the conversion efficiency of 

25 photon output, and suppress the power consumption can be 
obtained. 



BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Fig, 1A is a diagram showing an energy level of a 
phosphorescent material in case of obtaining excimer 
5 emission and Fig, IB is a diagram showing an energy level 
of the phosphorescent material in case of obtaining 
phosphorescence ; 

Figs. 2A to 2C are diagrams showing constitutions of 
a laser oscillator using the optical excitation according 
10 to the present invention; 

Fig. 3A is a diagram showing an element structure of 
a light emitting element used for the laser oscillator 
according to the present invention, and Fig. 3B is a band 
diagram of an electroluminescent layer in the light emitting 
15 element; 

Figs. 4A to 4C are diagrams showing structures of the 
laser oscillator using an excitation method performed by 
injecting carriers according to the present invention; 

Figs. 5A and 5B are diagrams showing a positional 
20 relationship between two reflective materials and a laser 
medium in the case where an amplified direction of photons 
obtained by included emission exists inside of the film 
formed of a laser medium; and 

Figs. 6A and 6B are diagrams showing a structure of 
25 the laser oscillator in the case where phosphorescent 
materials contained in the laser medium is aligned in a 

10 



certain direction. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 Embodiment modes of the present invention will 

hereinafter be described with reference to the accompanying 
drawings . As will be easily understood by the person skilled 
in the art, the present invention can be implemented in the 
other different modes, and the embodiment modes and its 
10 details can be changed and modified unless the changes and 
modifications deviate from the purpose and scope of the 
present invention. Accordingly, interpretation of the 
present invention should not be limited to descriptions 
mentioned in Embodiment Mode 1 and Embodiment Mode 2. 

15 

[Embodiment Mode 1] 

In Embodiment Mode 1, a structure of a laser oscillator 
according to the present invention will be described with 
reference to Figs. 2A to 2C. In Fig. 2A, a structure of the 

20 laser oscillator using the optical excitation according to 
the present invention is illustrated. The laser oscillator 
comprises a laser medium 101 containing a phosphorescent 
material, an optical resonator 102, and an excitation light 
source 103. In the present invention, an organic metal 

25 complex with platinum as its central metal is contained in 
the laser medium 101. More specifically, when the laser 

11 



medium 101 in which substances as depicted in the following 
chemical formulas 1 to 4 are dispersed in a host material 
at a concentration of not less than 10 wt% is used, both 
phosphorescence and excimer emission can be generated. 

[Chemical Formula 1] 



Me 




[Chemical Formula 2] 




[Chemical Formula 3] 
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[Chemical Formula 4] 



5 




Aromatic amine-based compounds (namely, those having 
10 benzene ring-nitrogen bonds ) can be used as the host material 
in case of using the phosphorescent material as a guest 
material . Materials widely used as the aromatic amine-based 
compounds include: 

N , N ' - bis ( 3 -me thylpheny 1 ) -N,N' - dipheny 1 - 1 , 1 ' - biphenyl - 4 , 4 
15 ' -diamine (abbreviated as TPD) ; and derivatives thereof such 
as : 4,4' -bis [N- ( 1-naphthyl ) -N- phenyl -amino ] -biphenyl 
(abbreviated as a-NPD) . Also used are star burst aromatic 
amine compounds, including: 

4 , 4 ' , 4 " - tris ( N , N-diphenyl - amino ) - triphenylamine 
20 (abbreviated as TDATA) ; and 

4,4' , 4 " - tris [N- ( 3 -methylphenyl ) -N- phenyl -amino ] -tripheny 

lamine (abbreviated as MTDATA) . 

The examples also include metal complexes such as: 

tris (8-quinolinolato) aluminum (abbreviated as Alq 3 ); 
25 tris (4 -methyl- 8-quinolinolato) aluminum (abbreviated as 

Almq 3 ) ; bis( 10-hydroxybenzo[h] -quinolinato ) beryllium 

13 



(abbreviated as BeBq 2 ); 

bis( 2-methyl-8-quinolinolate) - ( 4-hydroxy-biphenylyl) -alu 
minum (abbreviated as BAlq) ; 

bis [ 2 - ( 2 -hydroxyphenyl ) -benzoxazolato ] zinc ( abbreviated 
5 as Zn(BOX) 2 ); and 

bis [ 2- ( 2 -hydroxyphenyl ) -benzothiazolato ] zinc 
(abbreviated as Zn(BTZ) 2 ). Other than the aforementioned 
metal complexes, the other materials that are suitable for 
the host materials include: oxadiazole derivatives such as 
10 2 - ( 4 -biphenylyl ) - 5 - ( 4 - tert -butylphenyl ) - 1 , 3 , 4 - oxadiazole 
(abbreviated as PBD), and 

1 , 3 -bis [5- (p- tert -butylphenyl) -1,3, 4 -oxadiazole- 2 -yl] ben 
zene (abbreviated as OXD-7); triazole derivatives such as 
3- ( 4 -tert -butylphenyl ) -4 -phenyl- 5- ( 4 -biphenylyl) -1 , 2 , 4-t 
15 riazole (abbreviated as TAZ ) , and 

3- ( 4 -tert -butylphenyl ) -4- ( 4-ethylpheyl ) -5- ( 4 -biphenylyl) 
-1,2, 4 -triazole (abbreviated as p-EtTAZ ) ; imidazole 
derivatives such as 

2,2' , 2 " - ( 1 , 3 , 5-benzenetrile ) tris [ 1-phenyl- lH-benzimidazo 
20 le] (abbreviated as TPBI); and phenanthroline derivatives 
such as bathophenanthroline (abbreviated as BPhen) and 
bathocuproin (abbreviated as BCP). 

Furthermore, bipolar materials such as 
4 , 4 ' -N , N ' -dicarbazole-biphenyl (abbreviated as CBP) may 
25 also be used as the host materials. 

CBP is used as the host material, Pt(tpy)acac explained 

14 



in the aforementioned chemical formula 1 is used as the guest 
material, and added at a concentration of 15 wt% so as to 
form the laser medium with a thickness of 20 nm by 
coevaporation. In this case, the laser medium generates 
5 three components of a green color generated by 
phosphorescence of Pt(tpy)acac (with a wavelength of about 
490 nm), another green color generated by phosphorescence 
of Pt(tpy)acac (with a wavelength of about 530 nm) , and orange 
color generated by excimer emission (with a wavelength of 

10 about 570 nm) . In Embodiment Mode 1, laser beam can be 
obtained by amplifying excimer emission (with a wavelength 
of about 570 nm) by use of the optical resonator 102. 

A flash lamp encapsulated with Xe, Kr or Ar therein, 
a super high pressure mercury-vapor lamp, a nitrogen laser, 

15 a GaAs x P(i-x) semiconductor laser and the like can be used as 
the excitation light source 103. 

In Fig. 2A, the optical resonator 102 comprises 
reflective materials 102a and 102b for reflecting light. 
The reflective materials 102a and 102b are disposed such that 

20 light generated in the laser medium 101 travels back and forth 
between the reflective materials 102a and 102b within the 
optical resonator 102. When one of the reflective materials 
102a and 102b, which are accommodated in the optical 
resonator 102, has higher reflectance as compared with 

25 another one, laser beam can be obtained from the reflective 
material having lower reflectance (that is the reflective 



material 102b, here). 

Reference numeral 104 designates a pinhole for locking 
modes. Note that the pinhole 104 is not always necessary 
to be provided. The other modulation elements may be 
5 provided for locking modes as substitute for the pinhole. 

Mirrors can be used as the reflective materials 102a 
and 102b. However, the reflective materials are not limited 
thereto and the other material can be used as the reflective 
materials as long as the materials has a structure in which 

10 light is enclosed in the optical resonator so as to obtain 
laser beam by oscillating light generated in the laser medium 
101. The optical resonator 102 may be formed by utilizing 
materials having lower refractive index to enclose light in 
the optical resonator as compared with the laser medium 101. 

15 For instance, a silicon oxide film, metal and the like can 
be used for the materials. 

The excitation light source 103 corresponds to a 
pumping source for supplying pumping energy to the laser 
medium 101. In Embodiment Mode 1, a molecule of the 

20 phosphorescent material contained in the laser medium 101 
is excited to the triplet state, and the excited molecule 
and a neighboring molecule in the base state are bonded each 
other, thereby generating excimer. Excimer emission 
spontaneously emitted from the excimer generates included 

25 emission, and light only emitted in the axial direction 
between the reflective materials 102a and 102b of the optical 



resonator 102 is selectively amplified, and therefore laser 
beam is oscillated from the reflective material 102b. 

In addition to excimer emission, phosphorescence can 
also be obtained from the laser medium 101 containing the 
5 phosphorescent material. When laser beam is generated by 
excimer emission, the reflective materials 102a and 102b are 
arranged such that the length L of the optical resonator 
becomes an integral multiple of one half of the wavelength 
X, of excimer emission. Similarly, when laser beam is 

10 generated by using phosphorescence obtained from the laser 
medium 101, the reflective materials 102a and 102b are 
arranged such that the length L of the optical resonator 
becomes an integral multiple of one half of the wavelength 
X of phosphorescence. 

15 The electroluminescent material that generates 

electroluminescence generically tends to be deteriorated by 
moisture, oxygen and the like. Therefore, the laser medium 
101 is disposed in a hermetically sealed condition within the 
optical resonator 102 according to Embodiment Mode 1. Fig. 

20 2B shows an enlarged view of the laser medium 101 in the 
hermetically sealed condition as shown in Fig. 2A. 

The laser medium 101 is sealed with a substrate 105 and 
a plurality of insulating films 106 to 108 in Fig. 2B. More 
specifically, the laser medium 101 is formed in contact with 

25 the insulating film 106 formed on the substrate 105. The 
insulating films 107 and 108 are sequentially formed on the 



insulating film 106 so as to cover the laser medium 101. The 
insulating films 106 to 108 are formed of an insulating film 
which has a relatively superior effect for preventing moisture 
and oxygen from intruding into the laser medium and can 
5 transmit light generated in the laser medium. Desirably, for 
instance, an insulating film containing nitrogen as 
represented by silicon oxynitride or silicon nitride is used 
for the insulating films. The number of the insulating films 
for sealing the laser medium 101 is not limited thereto. 
10 Further, the materials for the insulating films are not 
limited to inorganic materials, and insulating films formed 
of organic materials or a lamination layer of an organic 
insulating film and an inorganic insulating film may also be 
used. 

15 Fig. 2B only shows one embodiment mode for sealing the 

laser medium 101, and the present invention is not limited 
thereto. Fig. 2C shows a state of sealing the laser medium 
101 in a different mode from Fig. 2B. 

The laser medium 101 is formed in contact with an 

20 insulating film 111 formed on a substrate 110 in Fig. 2C. An 
insulating film 112 is further formed on the insulating film 
111 so as to cover the laser medium 101. The laser medium 
101 is surrounded by a sealing material 114 formed on the 
insulating film 112, and the laser medium and a filler 115 

25 are encapsulated between the substrate 110 and a covering 
material 113. As the filler 115, a resin added with a 



hygroscopic substance such as barium oxide can be used. 
With respect to the resin used for the filler, an ultraviolet 
light curable resin or a thermal curable resin can be used. 
More specifically, PVC (polyvinyl chloride), acrylic, 
5 polyimide, epoxy resin, silicone resin, PVB (polyvinyl 
butyral) or EVA (ethylene vinyl acetate) can be used. In 
addition to the aforementioned materials, an inert gas such 
as nitrogen, and argon, can be used as the filler 115. 

The constitution of the laser oscillator as 

10 illustrated in Figs. 2A is only one embodiment mode of the 
laser oscillator according to the present invention. 
Furthermore, the excitation method used for the laser 
oscillator according to the present invention is not limited 
to the optical excitation as mentioned in Embodiment Mode 

15 1, and the other excitation methods may also be used. 

The lifetime of the excitation of the excited dimer 
of the organic metal complex using platinum as its central 
metal is same level as the lifetime of the excitation in the 
excited triplet state, and is relatively longer than that 

20 in the excited singlet state. As result, the condition of 
population inversion can be formed with smaller pumping 
energy as compared with the case of the excited singlet state . 
In addition, since the excitation of one molecule with 
pumping energy can lead two molecules to the exited state, 

25 the population inversion can be generated with lesser 
pumping energy. Accordingly, the power consumption that is 



required for oscillating laser beam can be suppressed. 
Furthermore, laser beam obtained by excimer emission exists 
in the visible region having a shorter oscillation 
wavelength than that in the infrared region, which results 
5 in superior directional characteristics and a smaller 
diffraction limit. 

In Embodiment Mode 1 , light obtained by included 
emission is amplified in one direction which intersects with 
the film formed of the laser medium, i.e., in a direction 
10 of the film thickness. However, the present invention is 
not limited thereto. The direction ^ of amplifying light 
obtained by included emission may exist at the inside of the 
film formed of the laser medium. 



15 [Embodiment Mode 2] 

A structure of the laser oscillator using the method 
of injecting carriers according to the present invention 
will be described in Embodiment Mode 2 . 

In order to inject carriers into a laser medium, the 

20 laser medium is used as a luminescent layer so as to form 
a light emitting element comprising an anode and a cathode 
which sandwich the luminescent layer therebetween. A 
phosphorescent material in the laser medium is excited by 
supplying excited electric currents into the light emitting 

25 element, and emitted light is resonated in the optical 
resonator, thereby obtaining laser beam. 



Fig. 3A shows an element structure of the light 
emitting element used in Embodiment Mode 2. The light 
emitting element as depicted in Fig. 3A comprises a structure 
in which an electroluminescent layer 308 is interposed 
5 between an anode 301 and a cathode 307. The 
electroluminescent layer 308 is composed by sequentially 
laminating a hole injecting layer 302, a hole transporting 
layer 303, a luminescent layer 304, an electron transporting 
layer 305, and an electron injecting layer 306 from the side 

10 of the anode 301. A phosphorescent material such as the 
aforementioned platinum complex (above-described chemical 
formulas 1 to 4) is diffused to a host material at a higher 
concentration (specifically, up to 10 wt%) in the 
luminescent layer 304, and, hence, both phosphorescence and 

15 excimer emission can be emitted. 

Note that the light emitting element used for the laser 
oscillator according to the present invention may contain 
at least the above-mentioned luminescent layer in the 
electroluminescent layer. The layers exhibiting functions 

20 other than luminescence (such as the hole injecting layer, 
the hole transporting layer, the electron transporting layer, 
and the electron injecting layer) can be arbitrary combined 
with the luminescent layer. Materials available for the 
above-mentioned layers will hereinafter be described in more 

25 detail, respectively. However, the materials applicable to 
the present invention is not limited thereto. 



Porphyrins are effective as a hole injection material 
for forming the hole injecting layer 302, in the case of an 
organic compound, for example, phthalocyamine (abbreviated 
as H 2 -Pc) , copper phthalocyamine (abbreviated as Cu-Pc) , and 
5 the like may be used. A material that is a conductive high 
molecular compound treated by chemical doping can also be 
used. Further, polyethylene dioxythiophene (abbreviated 
as PEDOT) doped with polystyrene sulfone (abbreviated as 
PSS), polyaniline (abbreviated as PAni), polyvinyl 

10 carbazole (abbreviated as PVK) , and the like can be given 
as examples. In addition, a thin film of an inorganic 
semiconductor such as vanadium pentoxide and an ultra thin 
film of an inorganic insulator such as aluminum oxide are 
also effective for the hole injecting layer 302. 

15 As a hole transporting material used for forming the 

hole transporting layer 303, an aromatic amine-based 
compound (that is, compound having a benzene ring-nitrogen 
bond) is preferred. The aromatic amine-based compound 
includes, for example, TPD and derivatives thereof such as 

20 a-NPD. Also, star burst aromatic amine compounds such as 
TDATA, and MTDATA can be used. Further, 4 , 4 ' , 4 " - tris 
( N- carbazole )triphenyl amine (abbreviated as TCTA) may also 
be used. Preferably, an ionization potential of the hole 
transporting layer 303 in contact with the luminescent layer 

25 304 is made larger than the ionization potential of the host 
material or the luminescent layer in order to generate 



excimer effectively. Or, preferably, the gap between these 
ionization potentials is suppressed to less than 0.4 eV even 
if the ionization potential of the host material or the 
luminescent layer is larger than that of the hole 
5 transporting layer. When the organic metal complex, which 
is explained in the chemical formula 1, is used for the 
luminescent layer 304 as the phosphorescent material, the 
ionization potential of the phosphorescent material can be 
set at the same level as that of the hole transporting layer 

10 303 by using TCTA for the hole transporting layer 303, and 
hence, excimer can be formed, efficiently. 

Specific examples of an electron transporting material 
used for forming the electron transporting layer 305 include 
metal complexes such as Alq 3 , Almq 3 , BeBq 2 , BAlq, Zn(BOX) 2 , 

15 and Zn(BTZ) 2 . In addition to the metal complexes, other 
materials that are suitable for the electron transporting 
layer include: oxadiazole derivatives such as PBD, and 
OXD-7; triazole derivatives such as TAZ , and p-EtTAZ; 
imidazole derivatives such as TPBI; and phenanthroline 

20 derivatives such as BPhen, and BCP. 

Aforementioned electron transporting materials can be 
employed for an electron injecting material used for forming 
the electron injecting layer 306 . In addition, an ultra thin 
film of an insulator, which is formed of alkali metal halide 

25 such as LiF and CsF, alkaline-earth halide such as CaF 2 , and 
alkali metal oxide such as Li 2 0, is often used as the electron 



injecting layer. Further, alkali metal complexes such as 
lithium acetyl acetate (abbreviated as Li(acac)) and 
8-quinolinolato-lithium (abbreviated as Liq) are also 
effective . 

5 As the host material used for the luminescent layer 

304, the hole transporting materials or the electron 
transporting materials which are represented by the 
above-described examples can be used. Further, bipolar 
materials such as 4,4' -N,N' -dicarbazole-biphenyl 

10 (abbreviated as CBP) are usable. 

As a material used for forming the anode 301, a 
conductive material having a high work function is preferred. 
When photons are emitted from the side of the anode 301, the 
anode is preferably formed of a transparent conductive 

15 material such as indium tin oxide ( ITO) , and indium zinc oxide 
(IZO). Meanwhile, when the anode 301 has a light blocking 
effect such that photons are not emitted from the side of 
the anode 301, the anode may be a single layer formed of an 
element selected from a group consisting of TiN, ZrN, Ti, 

20 W, Ni, Pt, Cr, etc. , or a lamination layer composed of a film 
containing titanium nitride and aluminum as its principal 
components, or a lamination layer composed of a titanium 
nitride film, a film containing aluminum as its principal 
component and another titanium nitride film. The anode may 

25 also be formed by laminating the above-mentioned transparent 
conductive material on a reflective electrode such as Ti, 



and Al. 

As a material used for forming the cathode 307, a 
conductive material having a low work function is preferred. 
Specific examples of the material used for forming the 
5 cathode include: alkali metal such as Li, and Cs; 
alkaline -earth metal such as Mg, Ca, and, Sr; and an alloy 
containing above elements (such as Mg:Ag, and Al : Li ) . 
Further, the cathode can be formed of rare -earth metal such 
as Yb, and Er. In case of using the electron injecting layer 

10 306 formed of LiF, CsF, CaF 2 , Li 2 0 or the like, the cathode 
can be formed of a normal thin conductive film such as 
aluminum. When photons are emitted from the side of the 
cathode 307, the cathode may be formed by laminating alkali 
metal such as Li and Cs, a ultra thin film containing 

15 alkaline-earth metal such as Mg, Ca, andSr, and a transparent 
conductive film (formed of ITO, IZO, ZnO or the like). Or, 
alkali metal or alkaline-earth metal and the electron 
transporting material are coevaporated to form the electron 
injecting layer 306, and the transparent conductive film 

20 (formed of ITO, IZO, ZnO and the like) may be further 
laminated thereon. 

In case of manufacturing the light emitting elements 
as mentioned above, the method of laminating each layer among 
the light emitting elements is not limited to the present 

25 invention. And, any lamination methods such as vapor 
deposition, spin coating, ink jetting, and dip coating are 

25 



available . 

Fig, 3B shows a band diagram in the case where the anode 
301 is formed of ITO, the hole injecting layer 302 is formed 
of Cu-Pc, the hole transporting layer 303 is formed of TCTA, 
5 the host material of the luminescent layer 304 is formed of 
CBP, the guest material of the luminescent layer is formed 
of Pt(tpy)acac as explained in the foregoing chemical 
formula, the electron transporting layer 305 is formed of 
BCP, the electron injecting layer 306 is formed of CaF 2 , and 

10 the cathode 307 is formed of Al among the light emitting 
elements as depicted in Fig. 3A. 

The highest occupied molecular orbital (HOMO) level 
(ionization potential) and the lowest unoccupied molecular 
orbital (LUMO) level of the hole injecting layer 302 f the 

15 hole transporting layer 303, the luminescent layer 304, the 
electron transporting layer 305 and the electron injecting 
layer 306 are depicted in Fig. 3B, respectively. 

With respect to the light emitting elements as depicted 
in Fig. 3A, when the ionization potential 310 of the hole 

20 transporting layer 303 is higher than the ionization 
potential 311 of the luminescent layer 304, and the energy 
gap therebetween is more than 0.4 eV, a large number of 
carriers are recombined in the vicinity of an interface 
between the hole transporting layer 303 and the luminescent 

25 layer 304, and, hence, unnecessary light is emitted from the 
hole transporting layer 303. In order to prevent the 



phenomena, the ionization potential of the hole transporting 
layer 303 is preferably made lower than that of the 
phosphorescent material or the energy gap therebetween is 
preferably set to not more than 0.4 eV even if the ionization 
5 potential of the phosphorescent material is higher than that 
of the hole transporting layer so as to recombine the carries 
in the luminescent layer 304, preferentially. According to 
the aforementioned constitution, holes easily penetrate 
into the luminescent layer 304 from the hole transporting 

10 layer 303, and, hence, carriers can be preferentially 
recombined in the luminescent layer 304. In addition, 
another hole transporting layer having the ionization 
potential lower than that of the hole injecting layer 302, 
which is higher than that of the hole transporting layer 303, 

15 may be provided between the hole injecting layer 302 and the 
hole transporting layer 303 such that the holes easily 
penetrates into the hole transporting layer 303 from the hole 
injecting layer 302. 

Fig. 4A shows a structure of a laser oscillator 

20 according to the present invention in case of using the 
excitation method executed by injecting carriers . The laser 
oscillator as depicted in Fig. 4A comprises a laser medium 
401 including a phosphorescent material, an optical 
resonator 402, and a power source for excitation 403. With 

25 respect to the laser medium 401, the organic metal complex 
with platinum as its central metal, which is described in 



the foregoing chemical formulas 1 to 4, is dispersed in a 
host material at a concentration of more than 10 wt%, as well 
as Embodiment Mode 1. When the laser medium 401 is used, 
both phosphorescence and excimer emission can be emitted. 
5 As well as Embodiment Mode 1, the optical resonator 

402 includes reflective materials 402a and 402b. The 
reflective materials 402a and 402b are arranged such that 
light generated in the laser medium 401 travels back and forth 
between the reflective materials 402a and 402b within the 

10 optical resonator 402 . When one of the reflective materials 
402a and 402b used for the optical resonator 402 has a 
reflectance higher than that of another one, laser beam can 
be generated from another reflective material having a lower 
reflectance (which is the reflective material 402b, here). 

15 Reference numeral 404 designates a pinhole for locking mode. 
Note that the pinhole 404 is not always necessary to be 
provided. In order to lock mode, other modulation elements 
may be provided instead of the pinhole. 

In Embodiment Mode 2, the power source for excitation 

20 403 corresponds to a pumping source for supplying pumping 
energy to the laser medium 401. The molecule of the 
phosphorescent material contained in the laser medium 401 
is excited to the triplet state by excited electric current 
supplied to the laser medium from the power source for 

25 excitation 403, and therefore the excited molecule and a 
molecule in the base state, which is adjacent to the excited 



molecule, are combined to generate excimer. Subsequently, 
included emission is generated by excimer emission that is 
spontaneously emitted from thus obtained excimer, light only 
emitted in the axial direction between the reflective 
5 materials 402a and 402b of the optical resonator 402 is 
selectively amplified, and then laser beam is oscillated by 
the reflective material 402b. 

Fig. 4B shows an enlarged view of the laser medium 401 
and the light emitting element using the laser medium 401 

10 as the luminescent layer, which are illustrated in Fig. 4A. 
As illustrated in Fig. 4B, in case of using the excitation 
method executed by injecting carriers, the light emitting 
element is formed as follows: the laser medium 401 is used 
as the luminescent layer; and an anode 410 and a cathode 411 

15 are formed so as to sandwich the luminescent layer 
therebetween. Although the anode 410, the laser medium 401, 
and the cathode 411 are sequentially formed on the substrate 
413 with the insulating film 412 formed thereon in Fig. 4B, 
the positions of the anode 410 and the cathode 411 may be 

20 inverted. Further, the hole injecting layer, the hole 
transporting layer, the electron transporting layer, the 
electron injecting layer and the like may arbitrarily be 
interposed between the anode 410 or the cathode 411 and the 
laser medium 401 functioning as the luminescent layer. When 

25 the optical resonator 402 as depicted in Fig. 4A is used, 
the anode 410 and the cathode 411 are formed of electrodes 



that transmits light generated in the laser medium 401 . More 
specifically, the electrodes may be composed of a 
translucent material. Or, the electrodes may be formed of 
a thin film (for instance, with a film thickness of about 
5 from 5 to 30 nm) that can transmit light even if the material 
does not have a light transmitting property. 

An excited electric current is supplied from the power 
source for excitation 403 via a wiring 414 so as to flow 
electric current in the forward bias direction between the 

10 anode 410 and the cathode 411. In particular, excited 
electric current is supplied from the power source for 
excitation 403 into the laser medium 401 via a connector 415 
such as FPC, which is connected to the wiring 414. 

In Fig. 4B, the light emitting element 416 is composed 

15 of the anode 410, the cathode 411, and the laser medium 401 
as well as Fig. 2. The light emitting element is covered 
and sealed with the insulating film 417 composed of a single 
layer or a plurality of layers so as not to be exposed to 
moisture and oxygen, which suppresses deterioration of the 

20 electroluminescent materials. The light emitting element 
may be sealed with a covering material in the same manner 
as that of Fig. 2C. Fig. 4C shows a state in which the light 
emitting element 421 formed on the substrate 420 is 
surrounded with a sealing material 422, and the light 

25 emitting element 421 and a filler 423 are sealed between the 
substrate 420 and the covering material 424. 



Note that, in case of using the excitation method 
performed by injecting carriers, any one of the anode and 
cathode may be formed of an electrode that is composed of 
a light reflecting material, and light generated in the laser 
5 medium may be resonated with the light reflecting electrode 
and the reflective materials. 

Although light obtained by included emission is 
amplified in the thickness direction of the film composed 
of the laser medium in Embodiment Mode 2, the present 
10 invention is not limited this example. The direction of 
amplification of light obtained by included emission may 
exist inside of the film formed of the laser medium. 

In case of using the excitation method performed by 
injecting carriers, light output can be directly modulated 
15 by controlling excited electric current. 

EMBODIMENTS 
[ Embodiment 1 ] 

20 In Embodiment 1, the positional relationship between 

two reflective materials and a laser medium in the case where 
the direction of amplification of light, which is obtained 
by included emission, exists inside of a film formed of a 
laser medium. 

25 The positional relationship between the laser medium 

and the optical oscillator of the laser oscillator in which 

31 



molecules are excited by carrier injection is illustrated 
in Fig. 5A. Reference numeral 501 denotes a substrate for 
holding the laser medium on which an anode 502, an 
electroluminescent layer 503 including a luminescent layer 
5 that corresponds to the laser medium, an insulating film 504 
and a cathode 505 are sequentially laminated* The 
insulating film 504 comprises a groove-shape opening. In 
the opening, the electroluminescent layer 503 contacts to 
the cathode 505 . Therefore, in the electroluminescent layer 

10 503, carriers are injected in the region where is overlapped 
with the cathode 505 in the opening, and then light due to 
included emission is emitted in the overlapping region. 

Reflective materials 506a and 506b accommodated in an 
optical resonator 507 sandwich the electroluminescent layer 

15 503 therebetween, and the reflective films are further 
formed so as to intersect with a surface formed of the 
electroluminescent layer 503, respectively. Light emitted 
from the electroluminescent layer 503 is resonated with the 
reflective materials 506a and 506b, and, hence, laser beam, 

20 which is oscillated in the same direction as an axis between 
the reflective materials 506a and 506b, can be obtained. 

Although the case of using the excitation method 
performed by injecting carriers is illustrated in Fig. 5A, 
the present invention is not limited to the method. In case 

25 of using the optical excitation method, for instance, the 
layer containing the laser medium is interposed between two 



reflective materials accommodated in the optical resonator, 
and a surface formed of the layer containing the laser medium 
and the two reflective materials are arranged so as to 
intersect each other, respectively, as well as the method 
5 performed by injecting carriers. Note that the anode and 
the cathode are not necessary to be provided. In accordance 
with the above-mentioned structure, light emitted from the 
layer containing the laser medium is resonated with the two 
reflective materials, and therefore laser beam oscillating 

10 in the axial direction between the two reflective materials 
can be obtained. 

Fig. 5B shows another positional relationship between 
the laser medium and the optical resonator of the laser 
oscillator in which molecules are excited by carrier 

15 injection, although the structure is different from that of 
Fig. 5A. Reference numeral 511 denotes a substrate for 
holding the laser medium on which an anode 512 is formed. 
An insulating film 514 comprising a groove-shape opening and 
an electroluminescent layer 513 formed in the opening are 

20 formed on the anode 512. Further, a cathode 515 is formed 
on the insulating film 514 and the electroluminescent layer 
513. According to the foregoing structure, the anode 512, 
the electroluminescent layer 513 and the cathode 515 are 
sequentially overlapped and contacted each other in a region 

25 where these layers are overlapped with the opening portion. 
Thus, light is emitted due to included emission. 



In an optical resonator 507, reflective materials 516a 
and 516b sandwich the electroluminescent layer 513 
therebetween, and are formed so as to intersect with the 
surface which is formed of the electroluminescent layer 513. 
5 Subsequently, light emitted from the electroluminescent 
layer 513 is resonated with the reflective materials 516a 
and 516b, and hence, laser beam is oscillated in a same 
direction as an axis between the reflective materials 516a 
and 516b. 

10 In order to confine light emitted from the 

electroluminescent layer 513 effectively, an optical 
waveguide is formed by using the insulating film 514 in Fig. 
5B. Specifically, the optical waveguide is formed of a 
material having lower refractive index such as silicon oxide 

15 as compared with the electroluminescent layer 513. 
According to the above-mentioned structure, a semiconductor 
laser can be effectively oscillated. 

Although the case of using the excitation method which 
is carried out by injection carriers is described in Fig. 

20 5B, the excitation method is not limited thereto. As well 
as the method of injecting carriers, in case of using the 
optical excitation method, for instance, two reflective 
materials are arranged as follows: the layer containing the 
laser medium is interposed between the reflective materials ; 

25 and the two reflective materials intersect with a surface 
of the layer containing the laser medium. According to the 



above-mentioned structure, light emitted form the layer 
containing the laser medium is resonated with the two 
reflective materials, and, hence, laser beam is oscillated 
in the same direction as the axis between the reflective 
5 materials, 

[Embodiment 2] 

In Embodiment 2, a method of manufacturing the light 
emitting element as depicted in Fig. 3A will be described. 

10 In this case, the anode 301 is formed of ITO; the hole 
injecting layer 302 is formed of Cu-Pc; the hole transporting 
layer 303 is formed of TCTA; the host material of the 
luminescent layer 304 is formed of CBP, the guest material 
of the luminescent layer 304 is formed of Pt(tpy)acac; the 

15 electron transporting layer 305 is formed of BCP; the 
electron injecting layer 306 is formed of CaF 2 ; and the 
cathode 307 is formed of Al. 

The anode 301 which serves as the light emitting 
element is formed on a glass substrate including an insulated 

20 surface. The anode 301 is formed of ITO which is a 
transparent conductive film, and is formed to a thickness 
of 110 nm by sputtering. Subsequently, the 

electroluminescent layer 308 is formed on the anode 301 . The 
electroluminescent layer 308 is formed by laminating the 

25 hole injecting layer 302, the hole transporting layer 303, 
the luminescent layer 304, the electron transporting layer 



305, and the electron injecting layer 306. The luminescent 
layer 304 is composed of the host material, and the guest 
material which generates phosphorescence. 

At first, the substrate with the anode 301 formed 
5 thereon is fixed to substrate holders in a vacuum deposition 
apparatus, while keeping the side of the surface with the 
anode 301 formed thereon down. Cu-PC is filled in an 
evaporation source which is equipped in the vapor deposition 
device to form the hole injecting layer 302 with a thickness 

10 of 20 nm by vapor deposition using resistive heating. 
Subsequently, the hole transporting layer 303 is formed of 
a material which is superior in hole transporting properties 
and luminescent properties. In this embodiment, the hole 
transporting layer 303 is formed of a-NPD with a thickness 

15 of 30 nm by the same method as the hole injecting layer. The 
luminescent layer 304 is further formed with a thickness of 
20 nm by coevaporation . The host material formed of the 
luminescent layer 304 is formed of CBP and the guest material 
of the luminescent layer is formed of Pt(tpy)acac, which is 

20 described in the above-mentioned chemical formula 1, and its 
concentration is adjusted to be 15 wt%. The electron 
transporting layer 305 is formed on the luminescent layer 
304. The electron transporting layer 305 is formed of BCP 
(bathocuproin) to a thickness of 20 nm by vapor deposition. 

25 On the electron transporting layer 305, CaF 2 is formed as 
the electron injecting layer 306 to a thickness of 2 nm, and, 



hence, the electroluminescent layer 308 comprising the 
above-mentioned laminated structure is formed. 

Finally, the cathode 307 is formed. In Embodiment 2, 
the cathode 307 is formed of aluminum (Al) to a thickness 
5 of 20 nm by vapor deposition using resistive heating. Since 
the cathode 307 is a thin film with the above-mentioned 
thickness, light generated in the luminescent layer 304 can 
be emitted from the side of the cathode 307 . If the direction 
of oscillation of laser beam exists within a surface composed 

10 of the luminescent layer 304 , the cathode 307 may not always 
have the structure in which light transmits through the 
cathode. Meanwhile, when the cathode 307 is used as the 
reflective materials of the optical resonator, the cathode 
307 must have a structure that allows to transmit light, even 

15 if laser beam is emitted in a same direction as the thickness 
direction of the luminescent layer 304. 

As set forth above, the light emitting element 
according to the present invention can be manufactured. 
With respect to the structure as described in Embodiment 1, 

20 since luminescence is generated in the hole transporting 
layer 303 and the luminescent layer 304, respectively, an 
elements which emit white color luminance as a whole can be 
generated. On the other hand, the structure of forming the 
anode on the substrate is described in Embodiment 2. However, 

25 the present invention is not limited to the structure, and 
the cathode may be formed on the substrate. Note that, in 
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this case (where the positions of the anode and the cathode 
are inverted each other), the lamination order of the 
electroluminescent layer should be also inverted. 
[Embodiment 3] 

In Embodiment 3, an example in which a phosphorescent 
material contained in a laser medium is aligned in a constant 
direction will be described. 

When excitation is carried out by injecting carriers, 
as the film thickness of the luminescent layer containing 
the laser medium lessened, luminescence can be efficiently 
generated with lower electric current. However, the 
phosphorescent material contained in the laser medium is 
energetically more stable in a crystalline state rather than 
in an amorphous state, and tends to be in a microcrystalline 
state in which a plurality of crystal grains is gathered. 
Therefore, when the film thickness of the luminescent layer 
is lessened, a problem in generating leakage current due to 
electrostatic breakdown or grain boundary is easily occurred. 
Accordingly, in order to overcome this problem, platinum, 
which is contained in a plurality of organic metal complexes 
used for the phosphorescent material, is aligned in a certain 
direction among the host material. 

As shown in Fig. 6A, a laser medium 603, in which the 
host material 601 is doped with a plurality of organic metal 
complexes 602 used for the phosphorescent material, is 
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formed between an anode 605 and a cathode 606 for supplying 
electric current into the laser medium 603. The plurality 
of organic metal complexes 602 is aligned among the host 
material 601 such that the position of platinum is arrayed 
in the longitudinal direction between the anode 605 and the 
cathode 606. In the direction perpendicular to the 
direction between the anode 605 and the cathode 606, array 
of the plurality of organic metal complexes 602 is dispersed 
each other by the host material exists therebetween. 

According to the constitution above, when the 
thickness of the luminescent layer is lessened to in the order 
of several [xm while the phosphorescent material is 
energetically more stable in a crystalline state rather than 
in an amorphous state, the generation of leakage current due 
to electrostatic breakdown or grain boundary can be 
suppressed, thereby preventing deterioration of the light 
emitting element. 

The laser medium 603 is interposed between two 
reflective materials 604a and 604b, light generated in the 
laser medium 603 is resonated by the reflective materials, 
and hence, laser beam is oscillated in the axial direction 
between the reflective materials 604a and 604b. In Fig. 6A, 
the alignment direction of the plurality of organic metal 
complexes 602 intersects with the oscillation direction of 
laser beam. However, the directions thereof may be 
identical to each other as depicted in Fig. 6B. 
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It is assumed that there is a case in which light emitted 
form the organic metal complexes used as the phosphorescent 
material is strongly emitted in a certain direction 
particularly other than light is uniformly emitted in all 
directions with a central focus on the organic metal 
complexes. In this case, by matching the direction of strong 
light with the axial direction between two reflective 
materials 604a and 604b, the conversion efficiency of photon 
output can be enhanced while suppressing pumping energy. 

In Figs. 6A and 6B, a simple structure in which the 
luminescent layer is interposed between the anode and the 
cathode is illustrated, respectively. However, the hole 
injecting layer, the hole transporting layer, the electron 
transporting layer, the electron injecting layer and the 
like may be interposed between the luminescent layer and the 
anode or the cathode. 
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